European Journal of Clinical Investigation (2002) 32,852-857 


Effect of nicotine replacement and quitting smoking on 
circulating adhesion molecule profiles (sICAM-l, sCD44v5, 
sCD44v6) 
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Abstract Background Soluble ICAM-1 (sICAM-l; sCD54), sCD44v5 and sCD44v6 are circulating 

adhesion molecules, with immunomodulatory potential, that have been frequently attributed 
diagnostic, prognostic and aetiological significance in a number of inflammatory and 
malignant diseases. We have previously shown that systemic concentrations of these molecules 
are increased significantly in tobacco smokers, but reduce to within normal levels at 
12 months following successful quitting. 

Materials and methods We have been able to extend these observations by measuring levels 
before and 4, 8, 22 and 52 weeks after smoking cessation in subjects receiving high-dose 
nicotine replacement therapy (25 mg of nicotine; n = 34) or placebo patches (u = 34) for 
26 weeks. Smoking cessation was confirmed by regular measurement of expired-air CO levels 
and by plasma cotinine analysis. 

Results Plasma sICAM-l, sCD44v5 and sC044v6 concentrations all declined rapidlv 
within 4 weeks of smoking cessation [P < O'OO 1 for all declines). Additionally, no differences 
were observed between those using nicotine replacement and those who were not for sICAM- 
I, sCD44v5, or sCD44v6. 

Conclusions The recovery in smoking-associated adhesion molecule profiles represents an 
almost immediate beneficial effect of smoking cessation. Nicotine replacement therapv is an 
effective aid to quitting and does not affect these recoveries. The elevated levels of these 
important risk factors in smokers (sICAM-l, sCD44v5 and sCD44v6) are linked to noxious 
clement(s) in tobacco smoke other than nicotine or nicotine metabolites. 

Keywords Adhesion molecules, CD44, ICAM-1, nicotine replacement therapy, smoking, 
tobacco. 
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Introduction 

Tobacco smoking represents a major risk factor for many 
distinct disease entities, including Several cancers, chronic 
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obstructive pulmonary diseasd, chronic inflammatory 
periodontal disease, osteoporosis, and atherosclerosis and 
its clinical sequelae. Indeed, the World Health Organization 
has estimated that the number of deaths attributable to 
tobacco-induced disease will reach 100 million over the first 
two decades of this century [1], Therefore, tobacco smoking 
represents an enormous health problem. 

Tobacco smoke contains large numbers of potent car¬ 
cinogens and toxins which exert profound effects on several 
components of the immune system [2-7]. Lymphocyte cir¬ 
culation and the recruitment of leukocytes from the vascular 
system to sites of infection/inflammation lie at the heart of 
the immune response.This leukocyte trafficking is controlled 
by a series of interactions between several adhesion mole¬ 
cules and their ligands [6,8-10]. Recent evidence has shown 
that smoking leads to altered cell-bound adhesion molecule 
expression profiles in several diseased tissues [6,11,12] and 
to increased shedding of soluble forms of specific adhesion 
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molecules, most notably soluble intercellular adhesion 
molecule-1 (sICAM-1) [5,6,13] and variant, tumour- 
associated sCD44 isoforms (sCD44 containing the product 
of exon 5, and sCD44 containing the product of exon 6) 
[14,15]. 

The biological functions of most soluble adhesion mole¬ 
cules have yet to be definitively ascertained. However, there 
is increasing evidence that sICAM-1 and sCD44 molecules 
remain bioactive and are immunomodulatory, as reviewed 
recently [6]. Additionally, there is an extensive literature 
attributing diagnostic and prognostic significance to altered 
circulating profiles of sICAM-1, sCD44v5 and sCD44v6 in 
inflammatory and malignant diseases [6,13,16-27]. 

Previously, we have shown that tobacco smoking leads to 
a dose-dependent increase in the concentration of circulat¬ 
ing isoforms of sICAM-1 [5], sCD44v5 and sCD44v6 [15], 
and that long-term (1 year) cessation of tobacco use results 
in a significant reduction in the systemic load of these 
specific adhesion molecules [5,15] .This implies that tobacco 
smoke direedy influences the production and release of 
sICAM-l, sCD44v5 and sCD44v6. However, the time 
period over which recovery occurs following quitting, and 
the components of cigarette smoke that lead to increased 
soluble adhesion molecule levels, are unknown. Therefore, 
we performed an analysis of slCAM-1, sCD44v5 and 
sCD44v6 profiles in plasma samples obtained from subjects 
who stopped smoking, with or without exposure to high 
doses of nicotine delivered by a transdermal nicotine patch. 


Subjects, materials and methods 
Subject inclusion criteria 


exceeded 50 ng mL' 1 for all participants, that plasma 
cotinine levels were < 15 ng mL" 1 at 4, 8, 22 and 52 weeks 
in the placebo group and < 15 ng mL' 1 at 52 weeks in the 
nicotine group, and that plasma cotinine levels exceeded 
30% of baseline smoking levels at 4, 8 and 22 weeks in 
the nicotine group. The decision to use a minimum 30% 
replacement level was largely arbitrary, being approximately 
half the mean level in the trial [28]. These inclusion criteria 
were set in advance. Applying these criteria reduced the 
number of eligible cases to 34 and 35 in the placebo and 
nicotine groups, respectively. The baseline plasma sample 
for one nicotine subject was found to be contaminated on 
analysis for adhesion molecule concentration, leaving final 
study samples of 34 participants in each group. Ethical 
approval for the study was obtained from the local Ethics 
Committee at Guy’s and St Thomas’s Hospital, London. 


Analysis of circulating sIGAM, sCD44v5 and 
sCD44v6 concentrations 

Plasma samples taken at each visit (baseline, 4, 8, 22 and 
52 weeks) were assayed for sICAM, sGD44v5 and sCD44v6 
levels by domain-specific ELISA. The mean intra-assay 
coefficient of variation (%) is reported to be 4-4, 3 6 and 
3 0 for the sICAM-1 (R & D Systems), sCD44v5 (Bender 
MedSystems) and sCD44v6 (Bender MedSystems) 
ELISAs, respectively. The mean interassay coefficient of 
variation (%) has been determined to be 7-4, 5 8 and 4-2 
for the sICAM 1, sCD44v5 and sCD44v6 ELISAs, respect¬ 
ively. Each ELISA assay has a sensitivity of < 0-4 ng mL' 1 . 
All adhesion molecule assays were performed in duplicate 
and blind to NRT status. 


All subjects had taken part in the Collaborative European 
Anti-Smoking Evaluation (CEASE) trial [28]. This was a 
large placebo-controlled trial (n = 3560) of nicotine 
replacement therapy (NRT) evaluating five levels of dose 
and duration of the 16-h (daytime) transdermal nicotine 
patch (Pharmacia and Upjohn, Sweden), and performed 
under the auspices of the European Respiratory Society. 
Successful quitters were selected retrospectively from two 
of the trial treatment arms: those who used high-dose 
(25 mg) nicotine patches for 26 weeks (n = 34), and those 
who were assigned placebo patches (n = 34). In the original 
trial, 110 (25 mg) and 71 (placebo) participants reported 
continuous abstinence from week 2 to week 52, verified by 
expired-air carbon monoxide levels <10 p.p.m. (portable 
CO monitor, Bedfont Scientific, Rochester, Kent, UK) 
determined at 2, 4, 8, 12, 22, 26 and 52 weeks. 

We used additional inclusion criteria when selecting cases 
for the present study in order to provide the strongest assur¬ 
ance that: (a) participants had not stopped smoking before 
treatment started (baseline); (b) participants were abstinent 
from smoking throughout the year; (c) participants assigned 
to the nicotine patch received substantial doses until week 
22. Hence, we additionally required that baseline plasma 
cotinine levels (determined by gas-liquid chromatography) 


Statistical analyses 

The t-test and chi-square tests were used to examine 
significant differences between the NRT and placebo groups 
with respect to age, gender (chi-square), baseline tobacco 
exposure, and baseline concentrations of sICAM-1, ?CD44v5 
and sCD44v6. Simple within- and between-subject analyses 
of variance models were used to test for differences in 
circulating adhesion molecule concentrations over time. 


Results 

There were no significant differences between the NRT 
and placebo groups with respect to age (mean 45 and 
44 year, respectively), gender (19 and 14 females, respect¬ 
ively) or baseline tobacco consumption (mean 25 and 
23 cigarettes day' 1 ; mean 252 and 238 ng mL' 1 plasma 
cotinine, respectively). Expired air carbon monoxide levels 
confirmed their quit smoking status throughout the year 
(Fig. 1). The active patch produced nicotine and cotinine 
levels throughout the treatment similar to baseline smoking 
levels (Figs 2 and 3). 
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Figure 1 Expired-air CO concentrations over 52 weeks in the 
nicotine replacement therapy and placebo groups. Mean CO 
concentrations are given. Error bars represent the standard error. 
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Figure 3 Plasma cotinine concentrations over 52 weeks in the 
nicotine replacement therapy and placebo groups. Mean cotinine 
concentrations are given. Error bars represent the standard 
error. 


Soluble adhesion molecule profiles 

The baseline plasma concentrations of sICAM-1, sCD44v5 
and sCD44v6 (presented in Figs 4, 5 and 6, respectively) 
were similar to those previously reported for smokers 
[5,6,11, 15], There were no significant differences between 
plasma levels of sICAM-1, sCD44v5 or sCD44v6 in the 
NRT or placebo groups at baseline. 

On stopping smoking, the decline in the circulating 
concentration of each adhesion molecule was rapid, 
with the majority of the change occurring in the first 
4 weeks, regardless of whether the subject received active 
NRT or placebo (see Figs 4, 5 and 6; P< 0 001 for all 
declines). 

There was no evidence of a difference in circulating 
concentration throughout the year between those 
taking nicotine and those on placebo (P > 0'05 for all 
comparisons). 


Figure 2 Plasma nicotine concentrations over 52 weeks in the 
nicotine replacement therapy and placebo groups. Mean nicotine 
concentrations are given. Error bars represent the standard 
error. 
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Figure 4 Effect of stopping smoking on circulating Concentrations 
of sICAM-1. Wean sICAM-1 concentrations are given. Error bars 
represent the standard error. 
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Figure 5 Effect of stopping smoking on circulating concentrations 
of sCD44v6- Mean CD44v6 concentrations are given. Error bars 
represent the standard error. 
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Figure 5 Effect of stopping smoking on circulating concentrations 
of sCD44v5. Mean CD44v5 concentrations are given. Error bars 
represent the standard error. 


There was a significant and rapid decline in the circulating 
concentration of each adhesion molecule under investiga¬ 
tion on stopping tobacco smoking. It is interesting to note 
that in the placebo group, levels of sICAM-1 showed some 
increase at week 22 before declining again thereafter. We 
have no explanation for the rise in mean sICAM-1 concen¬ 
tration at this point, as plasma cotinine, plasma nicotine and 
expired-air CO levels did not indicate any lapses to smoking. 
Plasma CD44v5 and CD44v6 concentrations, which 
dropped markedly at week 4, showed a tendency for a grad¬ 
ual decline thereafter. These declines are in sharp contrast 
to the high, stable concentrations seen in a random sample 
of trial participants who continued to smoke over the same 
period [5,15]. 

As I-IRT did not influence the rapid decline in soluble 
adhesion molecule concentrations, this study provides 
strong in vivo evidence that it is a constituentfs) of tobacco 
smoke other than nicotine, or its metabolites, that is res¬ 
ponsible for the elevated sICAM, sCD44v5 and sCD44v6 
concentrations noted in habitual smokers. 

More importantly, effective smoking cessation will result 
in a rapid decline in the systemic load of sICAM, sCD44v5 
and sCD44v6, which could have important, and direct, 
medical benefits. slCAM-1, for example, has been reported 
to stimulate proteloytic enzyme release from neutrophils 
as a consequence of interaction with fi-, -intogrin ligand 
molecules on the neutrophil surface [23], and, thus, may 
be expected to contribute to tissue degradation in several 
smoking-induced disease entities. Studies have also shown 
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that sICAM-1 may possess several other immunodulatory 
functions, including the-induction of pro-inflammatory 
cytokine production by macrophages [27], promotion of 
angiogenesis [29], competitive inhibition of leukocyte- 
endothelial interactions [25], and the inhibition of immune 
surveillance [24] .While there is a pressing need for research 
into the biological significance of sCD44 molecules, there 
are several reports that sCD44 molecules may also be 
bioactive and immunomodulatory. For example, specific 
sCD44 molecules can bind the major matrix components, 
hyaluronate and fibronectin [26], inhibit human peripheral 
blood lymphocyte binding to endothelial cells [26], and can 
influence the metastatic potential of tumour cells 
[6,26,30,31]. 

Inhaled nicotine is responsible for maintaining tobacco 
addiction. Nicotine replacement therapy, however, is highly 
effective in reducing symptoms of withdrawal from tobacco 
use, can double the chance of successful long-term cessation 
and is a safe medication with few side-effects [32]. Overall, 
subjects in the CEASE trial who were on 25-mg/16-h 
nicotine patches were more successful in quitting smoking 
than those on placebo (P < 0 001) [28], We have shown 
that the recovery in smoking-associated adhesion molecule 
profiles is not compromised by prolonged periods of using 
high-dose transdermal nicotine replacement. 

In summary, smoking cessation results in a dramatic 
and rapid decline in the circulating concentrations of the 
immunomodulatory molecules si CAM, sCD44v5 and 
sCD44v6. In addition, transdermal nicotine, which repres¬ 
ents a valuable aid to quitting, does not affect this recovery. 
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